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Application Na. 09/940,092 
Reply Brief dated 10/8/06 

In Response to Exmminer' $ Answer dated 08/09/2006 

Remarks : 

Regarding the Examiner's arguments that the claims of the 
instant application are obvious over a combination of 
Kirchlinde et al. and Nysen et al., Applicant believes that 
Kirchlinde et al., which describes a known remote-controlled 
access . control device in particular for a motor vehicle, would 
not be combined with Nysen et al., which describes an 
orthogonal circular polarized wave for a signal transmission. 

Nysen et al. embodies a base station named as controller and 
at least a satellite station named as communicator. For that 
transmission signals are used, which can be modulated in many 
different ways also as polarized waves. Preferred 
transmission systems of Nysen et al, are mobile phone systems 
{see column 6, line 45 and following) and so-called toll 
collection systems (see column 5, line 30 and following) . 
This known transmission system preferably operates at a 
frequency of 2.45 GHz (see column 1, lines 47-48). Regarding 
the toll collection system, a correlation to vehicle only can 
be seen as in vehicles at least one communicator is used, 
whose signals are transmitted to the base station. The 
signals are then used for determining the driven distance and 
the subsequently determined fee and also for determining the 
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Application No. 09/940,092 
Reply Brief dated 10/8/06 

In Response to Examiner's Answer dated 06/09/2006 

identity of the vehicle. These applications of Nysen et al. 
also show that there is not the slightest hint that this known 
system also can be used for anti-theft systems of vehicles. 

In this context, it is also important to recognize that the 
invention of the instant application operates at the lower 
frequency at approximately 125 KHz (see the last paragraph on 
page 10 of the specification) * Therefore, there is no reason 
for one skilled in the art to use the content known from Nysen 
et al. especially for systems using 2.45 GHz, also for the 
development of anti-theft systems in vehicles, at a preferred 
frequency of 125 KHz. As a consequence, the anti-theft 
systems of the invention of the instant application are not 
obvious over Kirchlinde et al . in combination with Nysen et 
al. Furthermore, it is well known from the enclosed 
literature that polarized waves are utilized depending on the 
frequency range of the application. For Am and FM radio 
signals vertical waves are used and for higher frequency 
transmission systems proposed by Nysen et al - circular 
polarized waves are used preferably. 

For the above reasons as well as the reasons presented in the 
Appeal Brief, the honorable Board is therefore respectfully 
urged to reverse the rejections of the Primary Examiner and to 
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Application No. 09/940,052 
Reply Brief d&ted 10/8/06 

In Response to Examiner's Answer dated OS/09/2006 

remand the application to the Examiner with instructions to 
allow claims 1-7 and 11 under appeal. 



Respectfully submitted, 



onghong Cft^n (56, 150) 



Yonghong 
YC/bb 



Date: October 8, 2006 
Lerner Greenberg Sterner P. A. 
Post Office Box 2480 
Hollywood, Florida 33022-2480 
Tel: (954) 925-1100 
Fax: (954) 925-1101 
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Polarization 

From WOdpedia, the Tree encyclopedia 

fotSIlSr^ V«* riz *« on <j*° *** H««-i*>tion) is the property electromagnetic waves, such as 
light, that describes the direction of their transverse electric field. More generally, the polarization of a 
transverse wave describes the direction of oscillation in the plane perpendicular to the direction of travel 
Longitudinal waves isueb as sound waves do not exhibit polarization, because for these waves the direction of 
oscillation is along the direction of travel. 
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Theory 

Basics - plane waves 

The simplest manifestation of polarisation to visualize is that of aplane wave, which is a good approximation 
to most lightwaves (a plane wave is a wave with infinitely long and wide wavefjonts). All electromagnetic 
waves propagating m free space or in a uniform material of infinite extent have electric and magnetic fields 
perpendicular to the direction of propagation. Conventionally, when considering polarization, the elccbic field 
vector is described and the magnetic field is ignored since it is perpendicular to the electric field and 
proportional to it The electric field vector may be arbitrarily divided into two perpendicular components 
labelled x and y (with z indicating the direction of travel). For a simple harmonic wave, where the amplitude 
of the elecmc vector vanes in a sinusoidal manner, the two components have exactly the same frequency 
However these components have two other defining characteristics that can differ. First, the two components 
may not have the same amplitude. Second, the two components may not have the same phase, that is they may 
not reach their maxima and minima at the same time. The shape traced out in a fixed plane by the electric 
vector as such a plane wave passes over it (a Lissajous figure), is a description of the polarization state. The 
following figures show some examples of the evolution of the electric field vector (blue) with time (the 
vertical axes), along with its r and v components (red/left and grccn/right). and the nam traced bv the do of 
the vector in the plane (purple): 

la the figure on the left, the two orthogonal (perpendicular) components arc in phase. In this case the ratio of 
the strengths of the two components is constant, so the direction of the electric vector (the vector sum of these 
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two components) is 
constant Since the tip 
of the vector traces out 
a single line in the 
plane, this special case 
is called linear 
polarization, The 
direction of this line 
depends on the relative 
amplitudes of the two 
components. 

In die middle figure 
above, the two 
orthogonal 
components have 
exactly the same 
amplitude and ate 
exactly ninety degrees 
out of phase. In this 
case one component is 
zero when the other 

. , _ — v component is at 

r A t Oradur Elliptical maximum or minimum 

amplitude. There are two possible phase relationships that satisfy this requirement: the x component can be 
ninety degrees ahead of the y component or it can be ninety degrees behind the y component In this special 
case the electric vector traces out a circle in the plane, so this special case is called circular polarization. The 
direction the Geld rotates in depends on which of the two phase relationships exists. These cases are called 
right-hand circular polarization and left-hand circular polarization, depending on which way the electric 
vector rotates. 

All other cases, that is where the two components arc not in phase and either do not have Ac same amplitude 
and/or are not ninety degrees out of phase are called elliptical polarization because the electric vector traces 
out an ellipse in the plane (the polarization ellipse). 

The "cartesian" decomposition oF the electric field into x and y components is, of course, arbitrary. Plane 
waves of any polarization can be described instead by combining waves of opposite circular polarisation, for 
example* The cartesian polarization decomposition is natural when dealing with reflection from surfaces* 
birefringent materials, or synchrotron radiation. The circularly polarized modes are a more useful basis for the 
study of light propagation in stereoisomers. 



Incoherent radiatioo 



In nature, electromagnetic radiation is often produced by a large number of individual radiators, producing 
waves independently of each other. This type of light is described as incoherent In general there is no single 
frequency but rather a spectrum of different frequencies present, and even if filtered to an arbitrarily narrow 
frequency range, there may not be a consistent state of polarization. However, this does not mean that 
polarisation is only a feature of coherenL radiation. Incoherent radiation may show statistical correlation 
between the components of the electric field, which can be interpreted as partial polarization. In general it is 
possible to describe an observed wave field as the sum of a completely incoherent part (no correlations) and a 
completely polarized part. One may dien describe the light in terms of the degree of polarization, and the 
parameters of the polarization ellipse. 

Parameterizing polarization 
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For case of visualisation, polarization states arc often specified in tft 
its orientation and elongation. A common parameterization uses the 
major semi-axis of the ellipse and the x~axis) and the ellipticity, e (t 
ellipticity oO.ero corresponds to linear polarization and an ellipucit; 

The arctangent of the ellipticity, x= tan" 1 a (the "ellipticity angle"), 
shown in the diagram to the right An alternative to the ellipticity or 
however unlike the azimuth angle and ellipticity angle, (he latter has 
terms of the Poincarc sphere (see below). 

Full information on a completely polarized state is also provided by 
two components of the electric field vector in the plane of polamati / 
show how different states of polarization are possible. The amplitude 
conveniently represented as a two-dimensional complex vector (the^ 



ja x e< 



£2* 




Here a } and a 2 denote the amplitude of die wave in the two components of the electric field vector, while Q t 
and 0 2 represent the phases. The product of a Jones vector with a complex number of unit modulus gives a 
different Jones vector representing the same ellipse, and thus the same state of polarization The physical 
electric field, as the real part of the Jones vector, would be altered but the polarization state itself is 
independent of absolute phase. The basis vectors used to represent the Jones vector need not represent linear 
polarization states (i.e. be real) Tn general any two orthogonal states can be used, where an orthogonal vector 
pair is formally defined as one having a zero inner product, A common choice is left and right circular 
polarisations, for example to model the different propagation of waves in two such components in circularly 
birefiringent media (see below) or signal paths of coherent detectors sensitive to circular polarization. 

Regardless of whether polarization ellipses arc 
represented using geometric parameters or 
Jones vectors, implicit in the parameterization 
is the orientation of the coordinate frame. This 
permits a degree of freedom, namely rotation 
about the propagation direction. When 
considering light that is propagating parallel to 
the surface of the Earth, the terms "horizontal" 
and "vertical" polarisation arc often used, with 
ljhe former being associated with the first 
component of the Jones vector, or zero azimuth 
angle. On the other hand, in astronomy the 
equatorial coordinate system is generally used 

instead, with the zero azimuth (or position angle, as it is more commonly called in astronomy to avoid 
confusion with the horizontal coordinate system) corresponding to due north. Another coordinate system 
frequently used relates to the piano made by the propagation direction and a vector normal to the plane of a 
reflecting surface. This is known as the plane of incidence. The rays in this plane are illustrated in the diagram 
to the right The components of the electric field parallel and perpendicular to this plane are termed p-like 
(parallel) and s-like {senkrecht, German for perpendicular). Light with a p-like electric field is said to be p- 
polarised* pi-polarized, tangential plane polarized^ or is said to be a transverse-magnetic (TM) wave. Light 
with an s-like electric field is s-polarl2ed s also known as sigma-polarized or sagittal plane polarized, or it caa 
be called a transverse-electric (TE) Wave. 

Tn the case of partially polarised radiation, the Jones vector varies in time and space in a way that differs from 
the constant rate of phase rotation of monochromatic, purely polarized waves. In this case, the wave field is 




I.. 



Reflection of a plane wave from a surface perpendicular to the 
page. The p -components of the waves ore in the plane of the 
page, while the 9 components are perpendicular to it 



PAGE 7115* RCVD AT ID/812006 12:56:40 PM [Eastern Daylight Time) * SVR:USPTO-EFXRF-2/4 * ONIS:2738300* CSID:«54925I101 * DURATION (mnKS):06 : 16 



' 10-08^' 06 13:15 FROM-LGS PatentUSA +9549251101 
Polarization - Wikipedia, the free encyclopedia 



T-971 P08/15 U-585 
Seite4vonli 



likely stochastic, and only statistical information can be gathered about the variations and correlations 
between components of the electric field. This information is embodied in the coherency matrix: 

\[e2€l e 2 € 2 \/ 

where angular brackets denote averaging over many wave cycles. Several variants of the coherency matrix 
have been proposed: the Wiener coherency matrix and the spectra) coherency matrix of Richard Barak at 
measure the coherence of a spectral decomposition of the signal, while the Wolf coherency matrix averages 
over all time/frequencies. 

The coherency matrix contains all of the information on polarization that is obtainable using second order 
statistics. It can be decomposed into the sum of two idernpotent matrices* corresponding to the eigenvectors of 
the coherency matrix, each representing a polarization state that is orthogonal to the other. An alternative 
decomposition is into completely polarized (zero determinant) and unpatented (scaled identity matrix) 
components. In either case, the operation of summing the components corresponds to the incoherent 
superposition of waves from the two components. The latter case gives rise to the concept of the "degree of 
polarization", i.e. the fraction of the total intensity contributed by the completely polarized component 

The coherency matrix is not easy to visualize, and it is therefore common to describe incoherent or partially 
polarized radiation in terms of its total intensity (J), (fractional) degree of polarisation (p), and the shape 
parameters of the polarization ellipse. An alternative and mathematically convenient description is given by 
the Stokes parameters, introduced by George Gabriel Stokes in 1852. The relationship of the Stokes 
parameters to intensity and polarization ellipse parameters is shown in the equations and figure below. 




5b-/ 

Si — Ip cos 2tf cos 2\ 
S'z — Ip sin 2tf cos 2^ 
Si — Ip sin 2x 



Here 2y and 2% are the spherical coordinates of the 
polarization state in the three-dimensional space of the last three 
Stokes parameters. Note the factors of two before y and % 
corresponding respectively to the facts that any polarization 
ellipse is indistinguishable from one rotated by 180°, or one with 

the semi-axis lengths swapped accompanied by a 90° rotation. The Stokes parameters are sometimes denoted 
t 7 Q, U and V. 

The Stokes parameter? contain all orthc information of the coherency matrix, and are related to it linearly by 
means of the identity matrix plus the three Pauli matrices: 
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<T2 




Mathematically, the factor of two relating physical angles to their counterparts in Stokes space derives from 
the use of second-order moments and correlations, and incorporates the loss of information due to absolute 
phase in variance. 

The figure above makes use of a convenient representation of the last three Stokes parameters as components 
in a three-dimensional vector space. This space is closely related Co (he Foincarg sphere, which is the 
spherical surface occupied by completely polarized states m the space of the vector 



AH four Stokes parameters can also be combined into the four-dimensional Stokes vector, which can be 
interpreted as four-vectors of Minkowski space. Tn this case, all physically realizable polarization states 
correspond to time-tike, future-directed vectors. 

Propagation, reflection and scattering 

In a vacuum, the components of the electric field propagate at the speed of light, so that the phase of the wave 
varies in space in time while the polarisation state docs not That is: 



where k is the wavenumber and positive z is the direction of propagation. As noted above, the physical electric 
vector is the real part of the Jones vector. When electromagnetic waves interact with matter, their propagation 
is altered If this depends on the polarization states of the waves, then their polarization may also be altered. 

In many types of media, electromagnetic waves may be decomposed into two orthogonal components that 
encounter different propagation effects. A similar situation occurs in the signal processing paths of detection 
systems that record the electric field directly. Such effects arc most easily characterized in the form of a 
complex 2*2 transformation matrix called the Jones matrix: 



U = 




,v;(cAe— Ac) 



e 




In general the Jones matrix of a medium depends on the frequency of the waves. 



For propagation effects in two orthogonal modes, the Jones matrix can be written as: 
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J = T 



9i 0 

0 $2 



r*-l 



where g } and g ± are complex numbers representing the change in amplitude and phase caused in each of the 
two propagation modes, and T is a unitary matrix representing a change of basis from these propagation 
modes to the linear system used for the Jones vectors. For those media in which the amplitudes are unchanged 
but a differential phase delay occurs, the Jones matrix is unitary, while those affecting amplitude without 
phase have Hermitian Jones matrices. Tn fact, since any matrix may be written as the product of unitary and 
positive Hermitian matrices, any sequence of linear propagation effects, no matter how complex, can be 
written as die a product of these two basic types of transformations. 

Media in which the two modes accrue a differential delay 
are called birefringent. Well known manifestations of this 
effect appear in optical wave plates/retarders (linear 
modes) and in Faraday rotation/optical rotation (circular 
modes). An easily visualized example is one where the 
propagation modes are linear, and die incoming radiation is 
linearly polarized at a 45* angle to the modes. As the phase 
difference starts to appear, the polarization becomes 
elliptical, eventually changing to purely circular 
polarization (90° phase difference), then to elliptical and 
eventually linear polarization (1 &0° phase) with an azimuth 
angle perpendicular to the original direction, then through 
circular again (270° phase), then elliptical with the original 
azimuth angle, and finally back to the original linearly 
polarized state (360° phase) where the cycle begins anew. 
In general the situation is more complicated and can be 
characterized as a rotation in the Poincare sphere about tbe 
axis defined by the propagation modes (this is a 
shown with red, blue and yellow lines, the consequence of the isomorphism of SU(2) with SO(3)). 

initial vectors by thick black lines, and the Examples for linear (blue), circular (red) and elliptical 

paths they take by colored ellipses (which (yellow) birefringence are shown in the figure on the left 

represent circles m three dimensions). ^ total inte n 9 ity and degree of polarization are 

unaffected. If the path length in the birefringent medium is sufficient, plane waves will exit the material with a 
significantly different propagation direction, duo to refraction. For example, this is the case with macroscopic 
crystals of calcite, which present the viewer with two offset, orthogonally polarized images of whatever is 
viewed through them. It was this effect that provided the first discovery of polarization, by Erasmus 
Bartholinus in 1669. fn addition, tho phase shift, and thus the change in polarization state, is usually frequency 
dependent which, in combination with dichroism, often gives rise to bright colors and rainbaw-like effects. 

Media in which the amplitude of waves propagating in one of tbe modes is reduced are called dichroic. 
Devices that block nearly all of the radiation in one mode are known as polarizing filters or simply 
"polarizers". In terms of die Stokes parameters, the total intensity is reduced while vectors in the Poincare 
sphere arc "dragged" towards the direction of the favored mode. Mathematically, under the treatment of the 
Stokes parameters as a Minkowski 4-vector ? the transformation is a scaled Lorentz boost (due to the 
isomorphism of SL(2 7 C) and the restricted Lorentz group, SO(3,l)). Just as the torenU transformation 

preserves the proper time, the quantity dct "V » s p 2 -S| 2 -S^*S^ is invariant within a multiplicative scalar 
constant under Jones matrix transformations (dichroic ana/or birefringent). 

In birefringent and dichroic media, in addition to writing a Jones matrix for the net effect of passing through a 
particular path in a given medium, the evolution of the polarization state along that path can be characterized 
as the (matrix) product of an infinite scries of infinitesimal steps, each operating on the state produced by all 
earlier matrices. In a uniform medium each step is the some, and one may write 




Paths taken by vectors in foe Poincare 
sphere under birefringence* Th& 
propagation modes {-rotation axes) arc 
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where J is an overall (real) gaiMoss factor. Here D is a traceless matrix Such that aDe gives the derivative of 
e with respect to If D is Hermitian the effect is dichroism, while a unitary matrix models birefringence. The 
matrix D can be expressed as a linear combination of the Paul) matrices, where real coefficients give 
Hermitiaa matrices and imaginary- coefficients give unitary matrices. The Jones matrix in each case may 
therefore be written with the convenient construction: 

where c is a 3-vecLor composed of the Pauli matrices (used here as generators for the Lie group SL(2,Q) and 
ii and m are real 3 -vectors on the Poincare sphere corresponding to one o£the propagation modes of the 
medium. The effects in that space correspond to a Lorentz boost of velocity parameter 20 along the given 
direction, or a rotation of angle 2<p about the given axis. These transformations may also be written as 
biquatcrnions (quaternions with complex element), where the elements arc related to the Jones matrix in the 
same way that the Stokes parameters are related to the coherency matrix. They may then be applied in pre* 
and p os t*mu) Li plication to the quaternion representation of the coherency matrix, with the usual exploitation of 
the quaternion exponential for performing rotations and boosts taking a form equivalent to the matrix 
exponential equations above (See: Quaternion rotation). 

Tn addition to birefringence and dichroism in extended media, polarization effects describabie using Jones 
matrices can also occur at (rcflcotivc) interface between two materials of different refractive index. These 
effects are treated by the Fresncl equations. Part of the wave is transmitted and part is reflected, with the ratio 
depending on angle of incidence and the angle of refraction, tn addition, if the plane of the reflecting surface 
is not aligned with the plane of propagation of the wave, the polarization of the two pans is altered. In general, 
the Jones matrices of the reflection and transmission are real and diagonal, making the effect similar to. that of 
a simple linear polarizer. For unpolarized light striking a surface at a certain optimum angle of incidence 
known as Brewster's angle, the reflected wave will be completely ^-polarized. 

Certain effects do not produce linear transformations of the Jones vector, and thus cannot be described with 
(constant) Jones matrices. For these cases it is usual instead to use a 4><4 matrix that acts upon the Stokes 4- 
vector. Such matrices were first used by Paul Soleillet in 1929, although they have come to be known as 
Mueller matrices. While every Jones matrix has a Mueller matrix, the reverse is not true. Mueller matrices are 
frcquendy used to study the effects of the scattering of waves from complex surfaces or ensembles of 
particles. 

Polarization in nature, science, and technology 

Polarization effects in everyday life 

Light reflected by shiny transparent 
materials is partly or fully polarized, 
except when the light is normal to 
the surface. A polarizing filter, such 
as a pair of polarizing sunglasses, 
can be used to observe this by 
rotating the filter while looking 
through. At certain angles, the 
reflected light will be reduced or 
eliminated Polarizing filters remove 




Effect of a polarizer on reflection from mud flats, tn the first picture, the 
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light polarized at 90° to the filter's 
polarization axis. If two polarizers 
are placed atop one another at 90° 
angles to one another, no light 
passes through. 

Polarization by scattering is 
observed as light passes through the 
atmosphere. The scattered light 
produces the brightness and color in 
clear skies. This partial polarization 
of scattered light can be used to 
darken the sky in photographs, 
increasing the contrast. This effect 
is easiest to observe at sunset, on the 
horizon at a 90* angle from the 
setting sun. Another easily observed 
effect is the drastic reduction in 
brightness of images of the sky and 
clouds reflected from horizontal 
surfaces, which is the main reason 
polarizing filters are often used in sunglasses. Also frequently visible through polarizing sunglasses are 
rainbow^like patterns caused by color-dependent bircfringent effects, for example in toughened glass (e.g. car 
windows) or items made from transparent plastics. The role played by polarization in the operation of liquid 
crystal displays (LCDs) is also frequently apparent to the wearer of polarizing sunglasses, which may reduce 
the contrast or even make the display unreadable. 

The photograph at die right was taken through 
polarizing sunglasses and through the rear window of 
a car. Light from the sky is reflected by the 
windshield of the olher car at an angle, making it 
mostly horizontally polarized. The rear window is 
made of tempered glass. Stress in the glass* left from 
its heat treatment, causes it to alter the polarization of 
light passing through it, like a wave plate. Without 
this effect the sunglasses would block the 
horizontally polarized light reflected from the other 
caf s window. The stress in the rear -window, 
however, changes some of the horizontally polarized 
light into vertically polarized light that can pass through the glasses. As a result, the regular pattern of the heat 
treatment becomes visible. 

Biology 

Many animals are apparently capable of perceiving the polarization of light, which is generally used for 
navigational purposes, since the linear polarization of sky light is always perpendicular to the direction of the 
sun. This ability is very common among the insects, including bees, which use this information to orient their 
communicative dances. Polarization sensitivity has also been observed in species of octopus, squid, cuttlefish, 
and mantis shrimp. The rapidly changing, vividly colored skin patterns of cuttlefish, used for communication, 
also incorporate polarization patterns, and mantis shrimp are known to have polarization selective reflective 
tissue, Sky polarization was thought to be perceived by pigeons, which was assumed to be one of their aids in 
horn tag* but research indicates this is a popular myth.l'i 

The naked human eye ts weakly sensitive to polarization, without the need for intervening filters. Potarued 



polarizer is rotated to minimize the effect; in the second it is rotated $0° to 
maximize it: almost all reflected sunlight is climiiiated 




The effects of a polarizer on tbe sky in a color photograph. The right 
pictuitt has the polarize the left does not Although some photographic 
polartecre arc called circular polarizers because they emit circularly 
polarized light, they select a linear polarization state from the scene, 
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light creates a very faint pattern near the center of the visual field, called Haidinger's brush. This pattern is 
very difficult to sec, hut with practice one can learn to detect polarized light with the naked eye. 

Geology 

The property of (linear) birefringence is widespread in crystalline minerals, and indeed was pivotal in the 
initial discovery of polarization. In mineralogy, this property is frequently exploited using polarization 
microscopes, for the purpose of identifying minerals- See pleochroism. 

Chemistry 

Polarization is principally of importance in chemistry due to the circular dichroism and "optical 

rotation" (circular birefringence) exhibited by optically active (chiral) molecules. It may be measured using a 

polarimetcr. 

Astronomy 

In mroy areas of astronomy, the study of polarized electromagnetic radiation from outer space is of great 
importance. Although not usually a factor in die thermal radiation of stars, polarization is also present in 
radiation from coherent astronomical sources (e.g. hydroxy) or methanol maserd), and incoherent sources such 
as the large radio lobes in active galaxies, and pulsar radio radiation (which may, it is speculated, sometimes 
be coherent), and is also imposed upon starlight by scattering from interstellar dust Apart from providing 
information on sources of radiation and scattering, polarization also probes the interstellar magnetic field via 
Faraday rotation. The polarization of the cosmic microwave background is being used to study the physics of 
the very early universe. Synchrotron radiation is highly polarised. 

Technology 

Technological applications of polarization are extremely widespread. Perhaps the most commonly- 
encountered examples are liquid crystal displays and polarized sunglasses. 

All radio transmitting and receiving antennas are intrinsically polarized, special use of which is made in radar. 
Most antennas radiate cither horizontal, vertical or circular polarization although eliptical polarization also 
exists. The electric Geld or E-planc determines the polarization or orientation of the radio wave. Vertical 
polarization is most often used whan it is desired to radiate a radio signal in all directions such as widely 
distributed mobile units. AM and FM radio use? vertical polarization. Television uses horizontal polarization. 
Alternating vertical and horizontal polarization is used on satellite communications (including television 
satellites), to reduce interference between programs on the same frequency band transmitted from adjacent 
satellites (one uses venicaL the next horizontal, and so on), allowing for reduced angular separation between 
the satellites. 

hi engineering, the relationship between strain and birefringence motivates the use of polarization in 
characterizing the distribution of stress and strain in prototypes. Electronically controlled birefringent devices 
arc used in combination with polarizing filters as modulators in fiber optics. Polarizing filters are also used in 
photography. They can deepen the color of a blue sky and eliminate reflections from windows and standing 
water, 

Sky polarization has been exploited in the "sky compass", which was used in the 1950s when navigating near 
the poles of the Earth's magnetic field when neither the sun nor stars were visible (e.g. under daytime cloud or 
twilight). It has been suggested, controversially, that the Vikings exploited a similar device (the "sunstone") in 
their extensive expeditions across the North Atlantic in the 9th - 11th centuries, before the arrival of the 
magnetic compass in Europe in the I2lh century. Related to the sky compass is the "polar clock", invented by 
Charles Wheatstonc in the late 19th century. 
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Polarization is al$o used for some 3D movies, in which the two images for the two eyes are polarized 
differently, and special filter glasses are used to only present the correct image to the correct eye. 

Art 

Several visual artists have worked with polarized light and birefiingent materials to create colorful, sometimes 
changing images. Most notable is contemporary artist Austine Wood Comarow who has trademarked her 
work "Folagc," By cutting out numerous small pieces of birefiringent films Such as cellophane and laminating 
them onto a sheet of plane polarizing filter, Austine creates both interactive works and motorized kinetic 
images. Examples of bcr work are exhibited at the Museum of Science, Boston; the New Mexico Museum of 
Natural History, Albuquerque and la Cite des Sciences et de Industrie, Paris, France. 

Other examples of polarization 

■ Shear waves in elastic materials exhibit polarization. These effects are studied as part of the Held of 
seismology, where horizontal and vertical polarizations are termed SH and $V, respectively. 

See also 

m Antennas 

* Birefringence 

m Circular dichroisin 

■ Electromagnetic radiation 

■ E -plane and H-plane 

■ Frcsncl equations 

■ Nicol prism 

■ Optics 

• Photon polarization 

■ Satellite dish 

Notes and references 

■ Principle* oj Optics, 7th edition. M. Born & E. Wolf, Cambridge University, 1999, ISBN 0-521 * 
64222-1. 

m Fundamentals of polarized light : a statistical optics approach, C. Brosseau, Wiley, 1998, ISBN 0- 
471*14302-2. 

■ Field Guide to Polarization^ Edward CoHen, SPIE Field Guides vol. FG05, SPIE, 2005, ISBN 0-8194- 
5868-6. 

■ Polarization Optics in Telecommunications, Jay N, Damask, Springer 2004, ISBN 0-387-22493-9. 

■ Optics* 4th edition, Eugene Hccht, Addison Wesley 2002, ISBN 0-8053-8566-5. 

m Polarized Light in Nature G. P. KOnnen, Translated by G. A. Beerling, Cambridge University, 1985, 
ISBN 0-52 1 -25862-6. 

m Polarised Light in Science andNaturu, O. Pye, Institute of Physics, 2001, ISBN 0-7503-0673-4. 

* Polarized Light. Production and Use, William A. ShurclifX Harvard University, 1962. 

1. A "No evidence for polarization sensitivity in the pigeon electroretinogranT, J. J. Vos Hzn, M. A. J. M. 
Coemans & J. F. W. Nubocr, The Journal of Kxperimental Biology, 1995. 

External links 

• polarization.com (http://www.polari2ati0n.com/): Polarized Light in Nature and Technology 

■ Polarized Light Digital Image Gatlcry 

(^Up://micro.magnetfsuxdu/pri Microscopic images 
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made using polarization effects 

■ Polarization by the University of Colorado Physics 2000 
(http7Avwv^xolorado.edu/physjcs/2000/polariy.atioti/index.htal); Animated explanation of polarization 

a The relationship between photon spin and polarization (http:/Avww 4 mathpag«s,coin/fr/s9-O4/9-04.htm) 
m A virtual polarization microscope (bttp://gcrdbn;itcnbach.de/crystal/crystal.html) 

■ Polarization angle in satellite dishes (iUtp:/Avww.satsig.netfcolangleJitm), 

■ Using polarizers in photography (http:/Av\™.bobatkin$xo^ 

■ Molecular Expressions: Science. Optics and You * Polarization of Light 
(http://micro,magnettsu.edu/pr^ Interactive Java tutorial 
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